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Introduction
The demand for mobile phones has considerably increased over the past 20 years, in Germany as well as in other countries. The mobile penetration rate in Germany now exceeds 80 percent (see RegTP, 2004, p. 32/33) , which suggests that the majority of Germans now posses a mobile telephone. A similar picture has emerged in other European countries.
At the same time, fierce competition has emerged among mobile handset manufacturers, whose market shares vary heavily from month to month. Nevertheless, little empirical analysis has been carried out on the pricing of mobile handsets. This paper aims to fill this gap and to provide an empirical analysis of mobile telephone prices. More specifically, we will conduct a hedonic price analysis, using data on 302 different mobile handsets from 25 manufacturers.
The data has been collected from the magazine connect (a special interest magazine for mobile telephony in Germany) over the period from May 1998 to November 2003. The magazine publishes data on mobile phones that are sold in Germany and also gives prices for these handsets in the German mobile phone market. Apart from prices we have collected information on characteristics, such as weight, radiation, volume, battery duration, the number of ringtones, MMS, MP3, Bluetooth, WAP and the date of introduction. In order to estimate hedonic prices for the various characteristics, we have used simple pooled OLS regressions.
The remainder of this paper is now organized as follows: Section 2 will describe the market for mobile telecommunications handsets in more detail. The empirical analysis is presented in section 3, which contains more information on both the data used and the methodology employed as well as the results of our hedonic price analysis. Section 4 summarizes our findings and concludes.
The Market for Mobile Telephone Handsets
Before we start to analyze the pricing or mobile handsets, let us briefly describe the most important market characteristics. The market for mobile telephone handsets is served by a large number of firms. While we will only examine handset prices for 25 firms in our sample, there are more active mobile telephone producers. The large number of firms suggests that barriers to entry are comparatively low and competition relatively intense.
Nevertheless, mobile telephone producers vary quite heavily in size and market share.
The market leader is Nokia with a market share of 27.7 percent, followed by Motorola (14.7%), Samsung (13.9%), Siemens (6.4%), Sony-Ericsson (6.4%) and LG Electronics (6.1%). The remaining firms still hold a market share of 24.9%. Figure 1 illustrates the market structure just described: Figure 1 LG Market shares do not only differ heavily between firms, but also over time, i.e. market shares are not very stable. For example, Nokia's market share has shrunk by 6.9% between 2003 and 2004, while Samsung's market share has increased by 3.8% over the same year. This means that changes in market structure are quite substantial which in turn suggests that competition is quite intense.
Another important feature of the market for mobile telephone handsets is that many consumers do not buy handsets as stand alone products but rather as part of a bundle jointly with a package of mobile telephone services. This means that many consumers obtain their mobile telephone handset either as part of a mobile telephone contract or bundled with a package of prepaid mobile telephone minutes. In both cases, the handsets are usually heavily subsidized.
Handset subsidies are provided by mobile network operators and mobile service providers in order to acquire new customers or to keep old customers. From an economic point of view the phenomenon of mobile handset subsidies can be explained by the existence of switching costs. In markets with switching costs, consumers are at least to some degree locked-in with a certain provider once they have made their purchase decision. When consumers face switching costs, they are less responsive to price differences once they have signed a contract, which implies that providers do not have to price as aggressively as in other markets (without switching costs) in order to retain their existing customer base.
However, as the theoretical literature shows, in markets with switching costs the competition for new customers tends to drive overall prices down to the point where firms can just cover their costs and obtain zero profits. This usually means that firms use discounts and actually subsidize consumers' initial purchases (such as mobile handsets) in order to compensate consumers' for their being locked-in later. The handset subsidy may thus be seen as an investment in the firm's customer base, which is necessary in order to "convince" consumers to sign a contract (see Farrell and Klemperer, 2001 ).
For our analysis it is important that, with competitive retail markets, consumers know that -while the mobile handset is initially subsidized -customers still pay for the handset indirectly via their mobile call charges, which usually exceed marginal costs. Moreover and even more importantly, there is little reason or evidence to presume that handset subsidies vary systematically between different handset producers. In fact, with competitive retail markets one should assume that mobile handsets do not differ systematically between brands, but that mobile telephone operators and service providers will offer the kind of mobile telephones that meet the taste and needs of a network's potential mobile customers.
Furthermore, consumers can usually also decide not to obtain a subsidized handset jointly with a mobile services contract, but rather buy the mobile handset as a single product and then sign a different contract with lower charges for mobile telecommunications services.
Hence, while mobile telephone handsets are often part of a mobile phone contract or purchased jointly with prepaid cards, this essentially means that payments are indirectly made via charges for mobile services over the course of the contract's duration. However, the total price for mobile handsets should not be affected by this practice, as long as the market for mobile telephone services is competitive. Furthermore, there is little reason to suppose that handset subsidies differ between various brands in a competitive market.
Data and Methodology Employed

Hedonic Price Analysis
The idea that more complex products such as mobile phones can be "decomposed" into their various characteristics, which consumers value, has gained popularity with the development of Lancaster's (1971) theory of consumption. According to Lancaster, a product consists of various characteristics that consumers value. As a consequence, one may also think of the product's total price as being the sum of the various characteristics' prices. The price for a certain characteristic is therefore regarded as a hedonic price so that a product's total price may be decomposed in to a fixed price element and the product's single characteristics' prices.
In fact, hedonic price analyses have not only started with Lancaster (1971) , but as early as 1928 when Waugh examined the pricing of asparagus (see Waugh, 1928) . In more recent times, hedonic price analyses have been applied to many different products such as automobiles (see Court, 1939; Griliches, 1961; Berry, Levinsohn & Pakes, 1995 , wine (see, e.g., Nerlove, 1995) , housing (see, e.g., Maurer, Pitzer & Sebastian, 2004) , modern technology products such as PCs (see Griliches, 1994; Pakes, 2003) or PDAs (see Chwelos, Berndt & Cockburn, 2003) and even somewhat exotic purchases such as islands (see Bonnetain, 2003) . 1 Surprisingly enough, we are not aware of any hedonic price analysis of mobile telephone handsets. Therefore, this paper provides the first hedonic price analysis for mobile telephone handsets.
Data
To conduct such a hedonic price analysis for mobile phones, we have collected data on 302 different handsets from 25 manufacturers. The data was assembled from the magazine connect (a special interest magazine for mobile telephony) over the period from May 1998 to November 2003. Apart from the prices that the handsets command in the German market for mobile telephones we have also collected information on various characteristics such as the handset's date of market introduction, its weight, radiation, volume, battery duration, number of ringtones, and additional features such as WAP, MMS, MP3, and Bluetooth.
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Other examples include paintings (see Chanel, Gérard-Varet & Ginsburgh, 1996) , cigars (Stover, 1996) , baby food (Maguire, Owens & Simon, 2004) , and crude oil (Wang, 2003) .
The variable PRICE consists of the handset's retail price in Germany at its date of introduction. We have taken the manufacturers recommended price for the mobile phone that consumers had to pay when they purchase the mobile phone as a single product without signing a contract or purchasing prepaid cards. That is, we have taken the unsubsidized handset price.
To take account of the decrease in handset prices over time, we have introduced a variable AGE, which is constructed by counting the number of months between December 2003 and the month when the handset was introduced. Hence, for a handset that has been introduced in December 2001 AGE would be set to 24, while for handsets that have been introduced in November 2003 (our most recent observation) AGE is set to 1.
The variable WEIGHT consists of the handsets weight in grams, RADI gives a handset's radiation, measured in SAR, which stands for "Specific Absorption Rate" and which is a measure of the amount of radio wave energy absorbed by the body when using a mobile phone. VOL gives the handsets' volume, measured in cubic millimeters (cmm), and DURA stands for the handset's talk time battery duration in minutes. 
Estimation and Results
In order to estimate hedonic prices for the various characteristics, we have used simple pooled OLS regressions. We have tested for the functional form of the regression equation, using linear, semi-logarithmic, and logarithmic specifications. As Ramsey RESET tests indicate logarithmic specifications yield the best fit.
As can be seen from Table 3 , we have estimated four different specifications (Models I to IV) in order to test the robustness of the results. Since all variables except the dummies are in logarithms the respective coefficients can directly be interpreted as elasticities.
For our regressions we have used talk time battery duration per gram (DURA/WEIGHT) as an explanatory variable. This is because battery duration tends to increase the battery's weight, and, thereby, also the mobile phone's total weight. Put differently, customers should prefer a longer battery duration, but not necessarily a heavier mobile phone. Following conventional practice for semi-logarithmic equations, the dummy variable coefficients can be interpreted as indicating the percentage difference in the prices of mobile phones that have a certain feature (such as MMS, MP3, or Bluetooth) to those that do not (see, e.g., Giles, 1982) . Hence, mobile handsets with MP3 are on average 68% more expensive than others, while prices for mobile phones with MMS are on average 38% higher and prices for handsets with Bluetooth command a price premium of 64%.
In Table 4 we have calculated the hedonic prices for the various mobile phone characteristics as well as brand premiums (i.e., the hedonic price for the firm dummy), using the results from Model I. 
Summary and Conclusion
This paper has provided a hedonic price analysis for mobile handsets for the German mobile telephone market. For that purpose, we have assembled data on 302 different handsets from 25 manufacturers over the period from May 1998 to November 2003.
As expected, volume has a negative effect on the price of a mobile handset, while the number of ringtones and the talk time battery life relative to the handset's weight positively affect mobile phone prices. Maybe somewhat surprisingly, radiation is statistically not significant. Also handsets have become cheaper over time, as the positive coefficient for AGE indicates. Moreover, handsets with additional features, such as MMS, MP3 or Bluetooth, command a higher price. In addition, we also found positive brand name effects for LG, Nokia, Motorola and Samsung, but not for Siemens. According to our estimations these brand name premiums may range from 57 to 172 Euros. 
